I. Introduction
Water pipe network systems are designed and operated to supply fresh water from the source (or treatment facility) to customers (Hund-Der & Yu-Chang, 2008). Nearly 80% to 85% of the cost of a total water supply system is contributed toward water transmission and the water distribution network (Abdulhamid, 2016) . In this project, the distribution network of 24 pipes with nine looped network and gravity main is considered.
Analysis will take place bysetting up a system of a nonlinear equation as results of internal flow in pipe such as, the continuityequation, Bernoulli equation, and the major losses equations. This system cannot be solved analytically. Therefore, numerical method by using MATLAB software is used to solve the nonlinear systems of the network.
Nonlinear equations set can be formulated to describe the relationship between the nodal head and pipe flow rate. Hard Darcy method and Newton Raphson method was commonly used to solve the nonlinear equation set for obtaining the solution of the network (Hund-Der & Yu-Chang,2008).
The hydraulic and optimization analysis are linked through an iterative procedure. The analysis of the pipe network is to estimate the discharge in each pipe, velocities, and the total cost of the system. Also, proof of the solution in each method and the comparison between the two will be considered.
The modified Bernoulli equation
The Bernoulli equation is a relation between pressure, velocity,and elevation in steady, incompressible flow ( V is kinetic energy , gz is potential energy and hL is head losses.
The major losses in pipe
The head loss due to viscous effects in the straight pipes, termed the major loss and denoted 
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The minor losses in pipe
The fluid in a typical piping system passes through various fittings, valves,bends, elbows, tees, inlets, exits, enlargements, and contractions in additionto the pipes. These components interrupt the smooth flow of the fluid andcause additional losses because of the flow separation and mixing theyinduce. In a typical system with long pipes, these losses are minor comparedto the total head loss in the pipes (the major losses) and are called minor losses (Yunus A & John M,2006 ).
Volumetric flow rate (discharge)
The volume of the fluid flowing through a cross section per unit time is:
Series and parallel network
For pipes in series, the flow rate is the same in each pipe, and the total head loss is the sum of the head losses in individual pipes.
Since the same discharge passes through all the pipes, the continuityequation is
For pipes in parallel, the head loss is the same in each pipe, and the total flow rate is the sum of the flow rates in individual pipes.
II. The Problem
Water supply networks consistof a of sources, pipe loops (M. Tabesh,2001 ) in this case study design a water network from node No1 which is the upstream to node No 13 which is the downstream by gravity main as shown figure (1) . The dimensions of the network are listed inTables 1and2. The network covers an area of 3.78 kilometers square, consisted of nine loops (24 pipes, main lines and minor lines) what's more, the outside border of the network considered as the main lines, and the inner lines considered as minor line of the network. Furthermore, this network included of 16 nodes, the first node considered the upstream (with neglectedminor losses) (Swamee&Sharma,200 8).
Fig 1:
Gravity main looped network of 24 pipes [5] [6]
[3]
[4]
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The head losses equation of each loop
By using the basic of fluid mechanics, the sum of losses inside each loop should be equal zero, therefore:
Finding the jacobian
The equation (34) has the jacobian matrix which can be found as follow. 
The final matrix
The next matrix shows the calculation of the first iteration of each loop [24] [25]
[27]
[28]
[26]
[29]
[31] [30] [34]
[32]
[22]
[23]
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4.5The result of the pipe discharges of the first iteration
Table4: The pipe discharge for the first iteration
The pipe discharges and velocities of the last iteration
The correct discharges and velocities can be got after 11 iteration (MATLAB code by using Newton Raphson method see App A), showed in table 5 and 6. 
The accuracy of first iteration solution
In fluid mechanics basics, the algebraic sum of the head losses around a loop must be zero which is not shown in tables 7 and 8. 
The accuracy of last iteration solution
By using newton Raphson methods and using MATLAB code we got the sum of head loss around each loop is zero as shown in tables 9 and 10. 
V. The Solution By Using Hard Darcy
The overall procedure for the looped network analysis can be summarized in the following steps: 1. Number all the node and pipe links, Also number the loops, for clarity, pipe numbers are circled and the loop numbers are put in square brackets. 2. Adopt a sign convention that a pipe discharge is positive if it flows from a lower node number the higher node number, otherwise negative. 3. Apply nodal continuity equation at all nodes to obtain pipe discharge .starting from nodes having two pipes with unknown discharge, assume an arbitrary discharge (say 0.1 ) in one of the pipes and apply continuityto obtain discharge in the other pipe. Repeat the procedure until all the pipe flows are known .if there exist more than two pipes having unknown discharges, assume arbitrary discharges in all the pipe except one and apply continuity equation to get discharge in the other pipe. The total number of primary loops in the network. 
The assumption
The initial discharges should satisfy continuity equation at each node as table 11 (Moosavian& Jaefarzadeh,2014). Also, the number of assumed discharge should be equaled to the number of loops which is nine. 
The equation of Hard Darcy method  The discharge equation of each node
We know the summation of inflow and out flow at node should be equal zero, therefore: Table 13 to table 21 show the calculation of the first iteration of each loop. Where: 
The first iteration of Hard Darcy method
[47]
[48]
[50] 
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The pipe discharges for the first iteration
The discharges of the first iteration are shown in table 22 by (MATLAB code). 
The pipe discharges and velocities of the last iteration
The correct discharges and velocities can be got after many number of iteration (MATLAB code by using Hard Darcy method), showed in tables23 and 24. 
The accuracy of first iteration solution
The solution that showed above only for the first iteration, which is not correct. The next test, shows that Q  are not equal to zero which is not correct as shown in table 25 
VIII. The Number Of Iteration With The Summation Of Head Losses In Each Loop For Hard Darcy Method
The correct flow rates by Hard Darcy method were got after 20 iteration as shown fig (4).
Fig 4:
The relationship between the numbers of iteration with the summation of head losses equations in each loop for Hard Darcy method
IX. Comparison Between The Summation Of Head Losses Equations By Newton Raphson And Hard Darcy
The next table shows the summation of the head loss equation in each loop that must be approximately zero, which can be seen that newton Raphson is faster than hard Darcy to converge to the solution. 
X. Conclusion
A nonlinear systems network were simulated by Newton Raphson and Hard Darcy methods using MATLAB software. The nonlinearity is showed in the square power of the discharge in head losses equations. The discharges resulted of each pipe were found the same in each method. Also, the final solution was validated by using the basic of fluid mechanics which that the summation of losses inside a loop must be equal to zero. Thus numerically, in Newton Raphson, which summation has a high accuracy and approximately zero compared to Hard Darcy method. Also, the solution in Newton Raphson method can be got at less number of iterations (faster) compared to Hard Darcy method. In addition, initial guesses (the assumption) is more complicated in Hard Darcy because the value of each discharge must satisfy the continuity equations which need more calculations. However, the initial guesses can be chosen randomly in Newton Raphson method without satisfying the continuity equations.
